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 Abstract-   In this paper, a microstrip patch mounted on high impedance substrate with hexaferrite cavity is proposed. 
The  proposed  antenna  design  is  simulated  on  electromagnetic  (EM)  simulation  software  using  FR-4  substrate  with 
dielectric constant of 4.4 and thickness of 1.60mm. The proposed antenna has a compact structure with a total size of 
50.8x50.8mm
2. A microstrip fed low profile broadband dielectric resonator antenna is proposed to fulfill the needs of 
mobile communication and the newer technologies require an efficient design of antenna in small size for wide frequency 
range applications. The antenna is composed of a dielectric resonator; a microstrip fed stepped patch and an intermediate 
substrate. The stepped patch and the intermediate substrate allow widening the matching bandwidth.  The proposed 
antenna  offers  a  fractional  bandwidth  of  40%  around  the  center  frequency  10GHz,  and  relatively  stable  radiation 
patterns in the matching band. The structure was simulated for (  =20, µr=1.2) X-band (8.2 to 12.4GHz) range with the 
frequency of fundamental mode, which is a hybrid mode, is around 10GHz. The design and simulation of the antenna 
were  performed  using  3D  full  wave  electromagnetic.    This  research  analyses  effect  of  dielectric  constant  used  for 
microstrip patch design. The simulated results show the good agreement with the proposed scheme. 
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I.  INTRODUCTION 
Antenna is a very important component of communication systems. By definition, an Antenna is a device 
used to transform an RF (radio frequency) signal, traveling on conductor, into an electromagnetic wave in free 
space. The transmitter signal energy is sent into space by a transmitting antenna, the RF signal is picked up from 
space by a receiving Antenna. Antenna is also a one of the important elements in the RF system for receiving or 
transmitting the radio wave signals from and into the air as the medium. The Antenna must be able to radiate 
efficiently  so  the  power  supplied  by  the  transmitter  is  not  wasted.  An  efficient  transmitter  must  have  exact 
dimensions. The dimensions are determining by the frequencies and gets critical at higher frequencies. In many 
cases, limiting the frequencies that can be received is actually beneficial to the performance of a radio. Due to this 
characteristic, Microstrip antennas are not well suited for wideband communications systems [1-2]. 
 The microstrip antenna has been said to be the most innovative area in the antenna engineering with its low material 
cost and easy fabrication. Microstrip patch antennas have various applications in satellite communications, wireless 
systems and millimeter-wave automobile sensors, aerospace, radars,   and biomedical applications, reflector feeds, 
because of their advantages of a low profile, light weight, and compatibility with integrated circuits. 
Dielectric resonators (DR) are available in a wide range of dielectric constants, disk and cylinder type, exhibiting 
exceptionally high Q and temperature stability. These components are typically used in oscillators, satellite-based 
communication  equipment,  microwave  filters  and  combiner  ranging  in  frequency  from  800MHz  to  17  GHz.  
Dielectric standoffs are use to improve coupling, temperatures stability, while minimizing cavity losses. 
Dielectric  resonators,  also  use  hexaferrite  cavity  are  broadly  used  in  the  design  of  filters  and  other 
microwave  devices,  but  they  are  seldom  applied  for  radiation  of  energy.  Dielectric  resonator  is  an  electronic 
component that exhibits resonance for a narrow range of frequency, operating in microwave and millimeter wave 
band. In metallic cavities, there is some fringing or leakage from sides and ends of dielectric resonator. Dielectric 
resonator has wide impedance bandwidth and dielectric resonator easily integrated into portable communication 
devices [1]. 
Some dielectric substances exhibit anisotropy due to their natural crystal structures or as the result of their 
production  processes.  Isotropic  substances  may  also  exhibit  anisotropy  at  high  frequencies.  In  the  design  of 
microwave  integrated  circuit  components  and  microstrip  patch  antennas,  anisotropic  substances  have  been 
increasingly popular. Especially the effects of uniaxial type anisotropy have been investigated due to availability of 
this  type  of  substances  such  as  Sapphire,  Magnesium  fluoride  and  hexaferrite.  Ferrite  is  one  of  the  important 
magnetic materials which are used as in both types single and polycrystalline. Generally the uniaxially anisotropic 
substrates are considered as a nonmagnetic. We extend the use hexaferrite with magnetic and dielectric property to 
investigate microstrip patch resonators printed on such anisotropic substrates.  Hexagonal ferrites are so named International Journal of Electronics and Computer Science Engineering
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because this class of materials has a hexagonal crystal lattice, which produces crystals that have distinctly
shapes.  The  most  useful  hexagonal  ferrite
anisotropy field lies long only one axis, which is the C axis for the hexagonal crystal
Recently,  different  techniques  have  been  proposed  to  enhance  the  bandwidth.  When  the  frequency 
antenna increases the dimension  of  patch reduces  and  when  dielectric  permittivity  increases, the bandwidth  of 
antenna increases, this in term reduces the size of antenna. This is the one of best feature of using such type of 
antenna. Another method for widening the bandwidth consists of stacking two or more elements of different sizes 
with different dielectric constants to improve the coupling between 
coplanar parasitic DRAs can also be u
generally difficult to fabricate and the parasitic DRAs can increase the antenna size.
A new broadband dielectric resonator antenna composed of three parts: a DR or Hexaferrite cavity, an 
intermediate substrate and a microstrip fed stepped patch. The stepped patch and the intermediate substrate allow 
increasing the matching bandwidth. To optimize the proposed design, a parametric analysis was carried out by using 
a finite integration method (EM simulator). [
Figure 1 show the microstrip patch of quarter wave transformer is mounted over the FR4 substrate.
wave transformer is taken for perfect impedance matching between line impedance and load impedance. The 
has three strips, each strip have own input impedance and characteristic impedance.
of the proposed hybrid antenna.  
It consists of a hexaferrite cavity, an intermediate substrate and a microstrip fed patch. The param
hexaferrite cavity are the height 2c, the width b, the length a, and the relative permittivity
substrate has a thickness   , a permittivity
width connected to a stepped patch constituted of three str
patch strips are     and    for the first strip,
from the edge of the hexaferrite cavity
The stacking of FR4 substrate , patch, intermediat substrate RT
2(b) with their height and material property.
hexaferrite which is a hybrid mode, is around 10 GHz.
Figure1. Geometry of microstrip patch antenna
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because this class of materials has a hexagonal crystal lattice, which produces crystals that have distinctly
.  The  most  useful  hexagonal  ferrites  have  a  property  called  uniaxial  anisotropy,  which  means  that  the 
anisotropy field lies long only one axis, which is the C axis for the hexagonal crystal [3].  
Recently,  different  techniques  have  been  proposed  to  enhance  the  bandwidth.  When  the  frequency 
antenna increases the dimension  of  patch reduces  and  when  dielectric  permittivity  increases, the bandwidth  of 
antenna increases, this in term reduces the size of antenna. This is the one of best feature of using such type of 
widening the bandwidth consists of stacking two or more elements of different sizes 
with different dielectric constants to improve the coupling between the feed line and the antenna [4
coplanar parasitic DRAs can also be used to increase the bandwidth [5-6]. However, these different techniques are 
generally difficult to fabricate and the parasitic DRAs can increase the antenna size. 
A new broadband dielectric resonator antenna composed of three parts: a DR or Hexaferrite cavity, an 
intermediate substrate and a microstrip fed stepped patch. The stepped patch and the intermediate substrate allow 
increasing the matching bandwidth. To optimize the proposed design, a parametric analysis was carried out by using 
(EM simulator). [7] 
II.  ANTENNA DESCRIPTION 
Figure 1 show the microstrip patch of quarter wave transformer is mounted over the FR4 substrate.
wave transformer is taken for perfect impedance matching between line impedance and load impedance. The 
has three strips, each strip have own input impedance and characteristic impedance. Figure 
, an intermediate substrate and a microstrip fed patch. The param
are the height 2c, the width b, the length a, and the relative permittivity
, a permittivity ε2 and a width   . The feeding circuit is composed of a microstrip line of 
connected to a stepped patch constituted of three strips, as illustrated in Figure1. The width and
for the first strip,    and     for the second, and     and    for the
dge of the hexaferrite cavity to the edge of the patch is d.  
The stacking of FR4 substrate , patch, intermediat substrate RT-Duroid and hexaferrite cavity are shown in figre 
2(b) with their height and material property. Using this model, the frequency of the fundamental mode 
which is a hybrid mode, is around 10 GHz. 
Geometry of microstrip patch antenna on FR4 substrate
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A new broadband dielectric resonator antenna composed of three parts: a DR or Hexaferrite cavity, an 
intermediate substrate and a microstrip fed stepped patch. The stepped patch and the intermediate substrate allow 
increasing the matching bandwidth. To optimize the proposed design, a parametric analysis was carried out by using 
Figure 1 show the microstrip patch of quarter wave transformer is mounted over the FR4 substrate.  The quarter 
wave transformer is taken for perfect impedance matching between line impedance and load impedance. The patch 
Figure 2(a) shows the front view 
, an intermediate substrate and a microstrip fed patch. The parameters of the 
are the height 2c, the width b, the length a, and the relative permittivity ∈ .The intermediate 
The feeding circuit is composed of a microstrip line of 
. The width and length of the 
for the last one. The distance 
Duroid and hexaferrite cavity are shown in figre 
the fundamental mode of the 
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Figure 2(a) Side veiw and(b)Front view
For the hexaferrite cavity, the following parameters 
values  of  the  other  parameters  of  the  antenna  are 
   =7.5mm,    =1.5mm and   =30mm
DESIGN PROCEDURE 
Step 1: Determination of the Width (W)
The width of the Microstrip patch antenna is given by
   
By substituting c = 3×10  m/s,   =4.
 
Step 2: Determination of effective dielectric constant (
The effective dielectric constant is represented by
     
By substituting    =4.54, W = 9.012 
 
Step 3: Determination of the effective length (
The effective length is given by 
          
By substituting       =3.77, c = 3×10
 
Step 4: Determination of the length extension (
The length extension may be represented by
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(a) 
 
(b) 
Figure 2(a) Side veiw and(b)Front view of microstrip patch antenna with hexaferrite cavity.
, the following parameters are considered:    =20, b=11mm, a=7
values  of  the  other  parameters  of  the  antenna  are    =1.6mm,  W=4.08mm,  L=30mm,
=30mm as shown in figure 2(a). 
Step 1: Determination of the Width (W) 
The width of the Microstrip patch antenna is given by 
 
 
             
 
                                               (1) 
4.4 and      = 10 GHz, it can be easily determined that 
Step 2: Determination of effective dielectric constant (     ) 
The effective dielectric constant is represented by 
      
    
   
    
   1   12
 
  
  
                                (2) 
9.012 mm and h = 1.6 mm, it can be determined that       = 
Step 3: Determination of the effective length (       ) 
             2∆                                          (3)                            
               
 
                  
                              (4) 
10  m/s and    = 10 GHz, it can determined that      = 
length extension (∆L) 
The length extension may be represented by 
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hexaferrite cavity. 
a=7mm and 2c=2mm. The 
mm,  L=30mm,    =5.5mm,    =2.5mm, 
GHz, it can be easily determined that W =9.012 mm. 
= 3.77   
                             
= 7.725 mm. International Journal of Electronics and Computer Science Engineering            
 
                          Available Online at www.ijecse.org                                            ISSN- 2277-1956 
ISSN 2277-1956/V1N4-2152-2160                                                                 
∆  = 0.412ℎ
        .   
 
   .    
        .     
 
    .  
                             (5) 
By substituting       = 3.77, W = 9.012 mm and h = 1.6 mm, it can be determined that ∆L = 0.203 mm. 
 
Step 5: Determination of actual length of patch (L): 
The actual length is obtained by using expression L =      - 2∆L. By substituting     = 7.319 mm and ∆L = 0.203 
mm, the L=7.319 mm. [8] 
The design was simulated using EM Simulation software. The substrate dimension is 50.8×50.8mm
2. The design 
antenna has the following optimized parameters: Dimensions of radiating patch element are: patch width and length 
of first strip and last strips are    =5.5mm,   =2.5mm respectively and  patch width and length of middle strip 
   =7.5mm,    =1.5mm, height of  FR4  substrate is  h1=1.60mm.The  dimensions  of  intermediate substrate  are: 
length =30mm and width=30mm. The inset feed length is 22.5mm with quarter impedance transformer has feed 
length is one forth of wavelength equal to 7.5mm. Antenna feed is at 4.08mm for impedance matching in quarter 
wave transformer with 3mm feed line width for patch, and the distance of the hexaferrite cavity from the first strip 
of radiating antenna patch is 3mm that is shown in Fig. 2.  
Figure 2(b) also shows the side view which is indicating the FR4 substrate having εr =4.4, intermediate substrate RT-
Duriod having εr =2.22 and hexaferrite cavity having εr =20.  
Here the hexaferrite pallets dimension are 10*20mm
2 and height of the substrate is 2mm, average value of     is 
taken here which are 20. After optimization width of hexaferrite cavity (W) 11mm, length of hexaferrite cavity (L) 
7mm,  which  simulation  is  done  by  using  electromagnetic  simulator  in  frequency  range  8.2  GHz  to 
12.4GHz.Thickness of patch thickness (t) is 0.01mm.Partial ground is used here.  
III.  CIRCUIT MODELING OF MICROSTRIP PATCH ANTENNA 
Equivalent circuit model of microwave discontinuities are widely used to enhance the speed of microwave circuit 
designs  as  discuss  in  section  II.  The  equivalent  circuit  parameters  can  be  determined  directly  from  hardware 
experiments or from the formulas used in balanis [2], or extracted from software results. Circuit elements analysis of 
antenna is greatly simplified from the full wave EM simulation models to simulate the antenna in a single circuit 
model. Here, we have discussed the modeling of a patch antenna with a partial ground plane. The lumped circuit 
model is derived by separating the antenna structure into different stages of feed-line, steps, and patch. The circuit 
model had been simulated in AWR Microwave Office simulator or serenade software and the S-parameters are 
compared with the obtained scattering parameter from simulating the EM structure in CST Microwave Studio. 
The equivalent circuit modeling circuit is divided in three steps as follows: 
1.  Parallel plate transmission line 
In this model, the width of the microstrip line is assumed to be larger compared to the height of the substrate. The 
skin depth is also assumed to be smaller than the thickness of the copper, which is considered to be 0.035 mm. The 
circuit model used for the parallel plate transmission line is shown in figure 4. 
 
Figure 4.Parallel plate transmission line circuit model 
 
2. Steps 
For  a  symmetrical  step,  the  capacitance  and  inductance  of  the  equivalent  circuit  can  be  obtained  at  desired 
frequency. International Journal of Electronics and Computer Science Engineering            
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(a) 
 
(b) 
Figure 5.Step discontinuity (a) structure 
(b) Circuit model 
3. Bandpass transformation 
The antenna structure using the normal circuit models of each stage of the antenna bandpass transformation is used 
to change the series inductance into a combination of series inductor and capacitor and the shunt capacitors into a 
parallel combination of a capacitor and an inductor. This transformation is required to indicate the resonant effect of 
the structure. Since the antenna under the study of bandpass characteristics for the obtained scattering parameter S11 
bandpass transformation of the circuit model is necessary. [9] 
If   and    represent the edge frequencies of the pass-band, the series inductor is transformed to a series LC circuit 
with element values, 
  
  =
    
  ∆                                                             (6) 
  
 =
∆
      
                                                          (7) 
 
, and the shunt capacitor is transformed to a shunt LC circuit with element values, 
  
  =
  ∆
    
                                                             (8) 
  
 =
  
    ∆                                                            (9) 
Where  0=√ 2 1  is a center frequency  ∆= 
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Figure 6.Equivalent circuit model of patch antenna 
 
Figure 7.Return loss (S11) of antenna obtained from circuit modeling 
 
IV.   RESULTS AND DISCUSSION 
A microstrip patch antenna using hexaferrite cavity structure is integrated and their simulated S11 is shown in Figure 
8. The proposed antenna is optimized by using electromagnetic (EM) simulation software. The overall goal of the 
proposed antenna design is to achieve good performance in bandwidth. The conventional microstrip patch has centre 
frequency 10GHz and shows the -10dB fractional bandwidth 40%. The simulated frequency response is shown in 
Figure 8. Figure 8 shows the broadened bandwidth of the microstrip patch antenna using hexaferrite cavity. A 
microstrip  patch  antenna  with  hexaferrite  cavity  structure  has  its  -10dB  impedance  bandwidth  of  35.8%  (8.2-
12.4GHz), which is significantly wider than that of dielectric resonator antenna which use in place of hexaferrite 
cavity. 
Simulated result as shown in figure 8 shows the return loss or S11parameter (which is below -10dB) is -26.14 dB, 
which cover frequency range 8.4 to 12.4 GHz in X-band.  
The equivalent circuit model of patch antenna is shown in figure 6 and modeling result is shown in figure 9, which 
shows return loss at -20 dB, also cover frequency range 8.4 to 12.4 GHz in X-band. 
Figure 10 show the far field pattern at 10GHz frequency in E-plane and H-plane respectively. It is clear from figure 
that  if  frequency  of  radiation  pattern  increases  its  main  lobe  magnitude  increases.  Radiation  pattern  provides 
information which describes how an antenna directs the energy it radiates and it is determined in the far field region. 
The E-plane and H-plane radiation patterns are presented in the form of a polar plot as shown in figure 10(a) and 
10(b). The radiation patterns are important to describe the radiation property of the antenna. The far-field radiation 
patterns were simulated to verify the radiation strength of the radio waves from the antenna or other source. 
 International Journal of Electronics and Computer Science Engineering
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Figure 8.Simulated return 
 
Figure9.Comparision between return loss (
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.Simulated return loss (S11) of antenna with hexaferrite cavity
.Comparision between return loss (S11) of simulated and modeling circuit
      
(a) 
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      (b)                                                                     
Figure10. Far field Radiation pattern of (a) E-plane and (b) H-plane at 10 GHz frequency                                                                                           
The simulated radiation pattern in E-plane at frequency 10GHz shown in Figure 10 has main lobe magnitude as 
17.3dBV/m, main lobe direction is at 15.0 degrees and angular width (3dB) is 89.8 degrees and the radiation pattern 
in H-plane at frequency 10GHz shown in Figure10(b)has main lobe magnitude as -34.3dBA/m, main lobe direction 
is at 105.0 degrees and angular width (3dB) is 89.8degrees shown in the Figure 10(a) and Figure 10(b) respectively. 
The  material  having  an  electromagnetic  properties  (  =20,  µr=1.2)  at  microwave  frequency  range,  the  high 
permittivity and permeability constant which leads the patch with reduced dimensions, but variation in the properties 
of substrate with frequency means nonlinearity of     and deficiency of proper instrumentation and processes to 
process the substrate leads to a widening of the bands. 
V.  CONCLUSIONS 
  In this paper, microstrip patch antenna using hexaferrite cavity structure has been designed. The structure 
with variable length, width and height and gap between first strip of patch and hexaferrite cavity is use to increase 
the fractional band width of antenna. Also, the radiation patterns in E-plane and     H-plane at 10GHz frequency are 
obtained which are reported in the paper. 
The bandwidth is found to be 35.8% of the proposed microstrip patch antenna which is much wider than that of the 
antenna which uses dielectric resonator antenna in place of hexaferrite cavity.  
When the frequency of antenna increases the dimension of patch reduces and when dielectric permittivity increases, 
the  bandwidth  of  antenna  increases,  this  in  term  reduces  the  size  of  antenna.  Simulated  results  show  that  the 
proposed antenna can offer a bandwidth of 35.8% around the center frequency 10GHz, with return losses less than -
10dB, is -26.16 dB. The simulated results and modeling results are compared and we have obtained the better result 
in desired frequency range. With these features, this antenna is suitable for broadband wireless communication 
systems operating at X-band. 
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